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BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The present invention relates to a wiring structure of 
an integrated circuit that is formed on a substrate having an 
5 insulating surface by using thin film transistors (hereinafter 

called TFTs) . The invention also relates to a wiring structure 
of a liquid crystal display device of a peripheral circuits 
integration type that is formed on a substrate having an 
insulating surface by using TFTs. 
10 2. Description o€ tfr e Related Art 

A technique is known in which a silicon film having 
crystallinity is formed on a glass substrate or a quartz 
substrate and a TFT is formed by using the silicon film thus 
formed. This type of TFT is called "high- temperature 
15 polysilicon TFT" or "low- temperature polysilicon TFT." 

The high-temperature polysilicon TFT is formed on a 
highly heat-resistant substrate such as a quartz substrate 
because a crystalline silicon film to constitute an active 
layer is obtained by heating at 800°C to 900°C. On the other 
20 hand, the low- temperature polysilicon TFT is formed on a 

substrate that is relatively low in heat resistance such as a 
glass substrate by a process of less than 600°C. 

The high- temperature polysilicon TFT has advantages 
that TFTs similar in characteristics can easily be integrated 
25 on a substrate, and that it can be manufactured by utilizing 

various process conditions and manufacturing apparatuses of 
the conventional IC processes. On the other hand, the low- 
temperature polysilicon TFT has an advantage that a glass 
substrate can be used which is inexpensive and can easily be 
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increased in size (large-area substrate). 

According to the current technologies, there are no 
large differences in characteristics between the high 
temperature polysilicon TFT and the low- tempera ture 
5 polysilicon TFT. Both types of TFTs provide mobility values 

of about 50 to 100 cm"/Vs and S-values of about 200 to 400 
mV/dec (V D = 1 V) . 

Techniques of producing a liquid crystal display 
device in which integrated circuits, an active matrix circuit, 
10 and peripheral circuits for driving it are formed on the same 

substrate (what is called a peripheral circuits integration 
type liquid crystal display device) are now being studied. 

However, the characteristics of the conventional high- 
temperature polysilicon TFT and low- temperature polysilicon 
15 TFT are much poorer than those of the MOS transistor that 

using a single crystal silicon wafer. In general, the MOS 
transistor using a single crystal silicon wafer provides an S- 
value of 60 to 70 mV/dec. 

Further, in each of the high- temperature polysilicon 
20 TFT and the low- temperature polysilicon TFT according to the 

current technologies, because of low mobility, the driving 
frequency of the TFT itself is obliged to be less than several 
megahertz . 

For example, where peripheral circuits of a liquid 
25 crystal display device are formed by using high- temperature or 

low-temperature polysilicon TFTs, it is impossible to directly 
input, to drive the TFTs, a clock signal or a video signal of 
more than tens of megahertz that is necessary for display. 

For the above reason, a plurality of wiring lines 
30 (interconnections) are used to transmit clock signals or video 

signals and the clock signals or video signals are supplied to 
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the TFTs in such a manner as to be reduced in frequency 
(called divisional driving) . For example, a 10-MHz frequency 
of an original clock signal is divided into 2.5 MHz by using 
four wiring lines and the respective TFTs are driven at this 
5 low frequency. This increases the number of wiring lines and 

the number of TFTs, resulting in problems such as an increased 
installation area . 

On the other hand, the present inventors have 
developed a TFT which exhibits performance that is equivalent 

10 to that of the MOS transistor using a single crystal silicon 

wafer though it uses a crystalline silicon film. 

This type of TFT uses a crystalline silicon film 
having a crystal structure that is continuous in a 
predetermined direction, for instance, in the source-drain 

15 direction as well as having grain boundaries extending in the 

same, predetermined direction. 

This type of crystalline silicon film is obtained by 
introducing a very small amount of a metal element (for 
instance, nickel) for accelerating crystallization into an 

20 amorphous silicon film, then heating the amorphous silicon 

film at 500° to 630°C (for instance, 600°C) to cause lateral 
crystal growth, and thereafter forming a thermal oxidation 
film. 

Having much superior characteristics such as an S- 
25 value of smaller than 100 mV/dec and mobility of higher than 

200 cm 2 /Vs, this type of TFT, in itself, can be driven at tens 
to hundreds of megahertz or even higher frequencies. By using 
this type of TFT, TFTs capable of being driven at high speed 
can be integrated on a large-area substrate. 
30 As a result, not only can circuits having much 

superior performance be obtained but also the numbers of thin- 
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film transistors and wiring lines necessary for driving can be 
reduced to a large extent from the conventional cases, thereby 
greatly contributing to miniaturization and increase in the 
degree of integration of devices. 
5 However, where an integrated circuit is formed by 

using TFTs over such a large area as a several centimeter 
square to a tens of centimeter square as in the case of the 
peripheral circuits integration type active matrix liquid 
crystal display device, the rounding of high-frequency signals 

10 that are transmitted by wiring lines becomes a very serious 

problem when the integrated circuit is driven at a high 
frequency such as tens to hundreds of megahertz or a even 
higher frequency. 

This problem will be described below for peripheral 

15 circuits of a liquid crystal display device. Fig. 5 is a top 

view of a peripheral circuits integration type active matrix 
liquid crystal display device. 

As shown in Fig. 5, an opposed substrate 902 having an 
opposed electrode (not shown) on its inside surface is opposed 

20 to a substrate 901 with liquid crystal material (not shown) 

interposed in between. 

A data lines (source lines) driving peripheral circuit 

903, a scanning lines (gate lines) driving peripheral circuit 

904, and an active matrix display section 905 in which 
25 respective pixels are provided with pixel electrodes and 

switching TFTs that are connected to the respective pixel 
electrodes are provided on the substrate 901. 

A flat cable 906, which extends from external circuits 
to supply signals to the liquid crystal display device, is 
30 electrically connected to peripheral wiring lines 907 at an 

end portion of the substrate 901. The peripheral wiring lines 
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907 are connected to wiring lines 908 and 909 in the 
peripheral circuits 903 and 904. The peripheral wiring lines 
907 and the wiring lines 908 and 909 in the peripheral 
circuits 903 and 904 are arranged parallel or approximately 
5 parallel with each other. 

The wiring lines 907 to 909 are formed as thin films 
of a conductive material such as aluminum at the same time as 
the TFTs of the peripheral circuits 903 and 904 and the active 
matrix circuit of the display section 905 are formed. 

10 Part of the wiring lines 907 to 909 are used for 

transmitting a signal of a very high frequency, for instance, 
more than 10 MHz. Typical examples of those wiring lines are 
a video signal line for transmitting a video signal and a 
clock signal line for supplying a clock signal. 

15 In general, the clock signal frequency amounts to 

about 12.5 MHz in the case of VGA (640 x 480 x 3 (three colors 
of RGB) pixels) , and the video signal frequency increases with 
the clock signal frequency, i.e., as the image resolution 
becomes higher. 

20 In particular, in the peripheral circuits integration 

type liquid crystal display device, the peripheral circuits 
903 and 904 for driving the display section 905 of a several 
centimeter square to a tens of centimeter square are usually 
provided along sidelines of the display section 905 and hence 

25 have a length of several centimeters to tens of centimeters 

along the sidelines. 

Each of the peripheral circuits 903 and 904 has wiring 
lines that extend from one end to the other of the circuit. 
The clock signal line and the video signal line are examples 

30 of such wiring lines. Such wiring lines has a length of 

several centimeters to tens of centimeters inside the 
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peripheral circuits 903 and 904. 

The electric resistance of each of such long wiring 
lines becomes very high even if it is made of a material 
having high electric conductivity, such as aluminum. 
5 The peripheral wiring lines 907 for transmitting 

signals from the flat cable 906 to the peripheral circuits 903 
and 904 are also such that the line width is tens to hundreds 
of micrometers and the length is several centimeters or more, 
even tens of centimeters in some cases. 

10 In view of the length of the peripheral wiring lines 

907 and the length of the wiring lines 908 and 909 in the 
peripheral circuits 903 and 904, it is understood that signals 
are transmitted by so long wiring lines as never occur in the 
scale of conventional IC chips. 

15 On the other hand, capacitance coupling likely occur 

in the parallel-arranged wiring lines when a high-frequency 
signal is applied thereto because they are distant from each 
other by merely tens to hundreds of micrometers. 

Further, in the liquid crystal display device, the 

20 opposed electrode (not shown) is provided on the entire 

surface of the opposed substrate 902. From the viewpoints of 
protecting the peripheral circuits 903 and 904 and simplifying 
the manufacturing process, it is a common design to provide 
not only the display section 905 but also the peripheral 

25 circuits 903 and 904 and the peripheral wiring lines 907 on 

the surface that confronts the opposed substrate 902. 
Therefore, the opposed electrode confronts the peripheral 
wiring lines 907 and the wiring lines 908 and 909 in the 
peripheral circuits 903 and 904, and hence capacitance 

30 coupling may occur between the opposed electrode and the above 

wiring lines. 
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The capacitances formed between wiring lines or 
between wiring lines and the opposed electrode (provided on 
the inside surface of the opposed substrate 902 that confronts 
the substrate 901 via the liquid crystal) and the high 
5 resistance of each wiring line cause deterioration, i.e., 

rounding, of a transmission signal waveform. That is, a 
signal that is transmitted by a wiring line, even if it has a 
good shape (for instance, a rectangular shape) at the input 
stage, is more rounded (the rising position of the waveform is 

10 delayed or the waveform is disordered) as it reaches the end 

of the wiring line. 

If a signal waveform is rounded to a large extent, a 
delay may occur in the operation timing of a circuit or 
erroneous video information is transmitted to pixels, possibly 

15 resulting in erroneous operation or a disordered image. 

This problem becomes more serious as the size of the 
display section 905 increases or the driving frequency is 
increased by increasing the display resolution. 

Among the peripheral circuits 903 and 904, the 

20 rounding has a great influence on, i.e., is a serious problem 
in the circuit 903 for driving the data lines (source lines) 
because it is supplied with high-frequency signals of tens to 
hundreds of megahertz. 

At present, integrated circuits in the form of a chip 

25 that uses a single crystal silicon wafer are also common that 

operate at a driving frequency of tens to hundreds of 
megahertz. However, in such cases, since the entire 
integrated circuit is accommodated in a chip of an about 1-to- 
2-cm square, wiring lines are short and hence the rounding is 

30 less serious than in the large-area liquid crystal display 

device. 



- 7 - 



To reduce the capacitance between wiring lines, it is 
necessary to increase the distance between the wiring lines 
and decrease the dielectric constant of the region between the 
wiring lines. 

5 However, if the distance between wiring lines is 

increased, the area necessary to accommodate the wiring lines 
and a circuit that uses the wiring lines increases, resulting 
in an increase in the size of the entire device. Thinning the 
width of wiring lines is not favorable either because the 
10 electric resistance increases though the distance between the 

wiring lines decreases. 

The distance between the wiring lines and the opposed 
electrode is relatively small (the interlayer insulating film 
is 1 to 2 |im thick and the liquid crystal layer is 3 to 8 [im 

15 thick, and hence the total thickness is about 10 |am) . 

However, the thickness of the liquid crystal material layer, 
i.e., the cell gap, cannot be increased for the optical 
reasons. It is difficult to increase the distance between the 
wiring lines and the opposed electrode sufficiently to obtain 

20 a desired reduction in capacitance by increasing the thickness 

of the interlayer insulating layer. 

As described above, it is difficult for the current 
technologies to effectively reduce the capacitance between 
wiring lines. 

25 One may think that the electric resistance of wiring 

lines can be reduced by widening or thickening the wiring 
lines. However, thickening the wiring lines is unfavorable 
because it makes hillocks to occur more easily due to heating 
in a manufacturing process and hence short-circuiting comes to 

30 occur more easily between wiring lines that cross each other 

via the interlayer insulating film. 
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On the other hand, thickening the wiring lines is not 
preferable either, because it makes hillocks be caused more 
easily by a heat treatment in a manufacturing process as well 
as makes the wiring lines be short-circuited more easily with 
5 other wiring lines that cross the former wiring lines with an 

interlayer insulating film interposed in between. 

SUMMARY OF THE INVENTION 
The present invention has been made to solve the above 
problems, and an object of the invention is therefore to 

10 reduce, without increasing the capacitance, the electric 

resistance of wiring lines to which a high-frequency signal of 
several megahertz to tens of megahertz or an even higher 
frequency in an integrated circuit using TFTs that are formed 
on a relatively large substrate having an insulating surface, 

15 particularly a peripheral circuits integration type liquid 
crystal display device. 

To attain the above object, according to one aspect of 
the invention, there is provided a semiconductor device in 
which a circuit using a thin-film transistor having an active 

20 layer that is constituted of a crystalline silicon film is 

provided on a substrate having an insulating surface, wherein 
at least part of at least one of wiring lines that are 
connected to the circuit and/or wiring lines in the circuit is 
electrically connected in parallel to an auxiliary wiring line 

25 that is provided with an interlayer insulating film interposed 

in between. 

The above configuration is particularly effective when 
a high-frequency signal is applied to the at least one wiring 
line . 

30 The above configuration is particularly effective when 

the circuit constitutes a peripheral circuit of a peripheral 
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circuits integration type liquid crystal display device. 

According to another aspect of the invention, there is 
provided a manufacturing method of a semiconductor device 
which method is applied to forming, on a substrate having an 
5 insulating surface, an active layer that is constituted of a 

crystalline silicon film and a thin-film transistor having a 
plurality of electrodes that are insulated from each other by 
an interlayer insulating film, the manufacturing method 
comprising the steps of forming a wiring line in a step of 
10 forming one of the plurality of electrodes; and forming an 

auxiliary electrode so that it is electrically connected in 
parallel to the wiring line in a step of forming another or 
other plural ones of the plurality of electrodes. 

In the above method, the plurality of electrodes are a 
15 gate electrode and a source (or drain) electrode, for 

instance. But the invention is not limited to such a case. 
BRIEF DESCRIPTION OF THE DRAWINGS 
Figs. 1A to 1C show an exemplary structure of a 
semiconductor device according to the present invention; 
20 Figs. 2A to 2D, 3A to 3E, and 4A to 4C show a 

manufacturing process according to the present invention; and 

Fig. 5 is a top view of a peripheral circuits 
integration type active matrix liquid crystal display device. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
25 Figs. 1A to 1C show an exemplary structure of a 

semiconductor device according to the present invention. Fig. 
1A is a longitudinal sectional view of a wiring line (left 
side) and a thin-film transistor (TFT; right side) . As shown 
in Fig. 1A, a silicon oxide film as an undercoat film 102 is 
30 formed on a substrate 101 and a TFT is formed thereon. 

The TFT is constituted of an active layer 103 that is 
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a crystalline silicon film, a gate insulating film 104, a gate 
electrode 105, a source electrode 109, and a drain electrode 
110. Reference numerals 107 and 112 denote interlayer 
insulating films. Contact holes 108 are formed through the 
5 interlayer insulating film 107. 

Referring to Fig. 1A, a wiring line 111 is connected 
in parallel to an auxiliary wiring line 106 via a plurality of 
contact holes 108 that are formed through the interlayer 
insulating film 107. 

10 While conventionally a wiring line is constituted of 

only one layer, i.e., the wiring line 111, in the structure of 
Figs. 1A to 1C the auxiliary wiring line 106 is provided in 
the same layer as the gate electrode 105. Further, a two- 
layer structure is established in such a manner that the 

15 wiring line 111 is electrically connected in parallel to the 

auxiliary wiring line 106 via the plurality of contact holes 
108 that are formed in the interlayer insulating film 107 
along the longitudinal direction of the wiring line 111. 
Naturally, another auxiliary wiring line may also be provided 

20 so as to be electrically connected in parallel to the wiring 

line 111 with another interlayer insulating film, for 
instance, a film 112, interposed in between. 

The auxiliary wiring line 106 shown in Figs. 1A to 1C 
can be formed at the same time as the gate electrode 105. 

25 That is, the auxiliary wiring line 106 can be obtained at the 

same time when a thin film of a conductive material is 
patterned to fo rm the gate electrode 105. Therefore, in the 
structure of Figs. 1A to 1C, the gate electrode 105 and the 
auxiliary wiring line 106 are made of the same material. 

30 Fig. IB is a sectional view taken along line F to G in 

Fig. 1A. As shown in Fig. IB, the wiring line 111 and the 
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auxiliary wiring line 106 are in electrical contact with each 
other at a plurality of positions and are thereby electrically 
connected to each other in parallel. 

As the number of contact holes 108 for connecting the 
5 wiring line 111 and the auxiliary wiring line 106 increases, 

the electrical connection between the wiring line 111 and the 
auxiliary wiring line 106 becomes better, that is, the contact 
resistance decreases, whereby the electric resistance of the 
combination of the wiring line 111 and the auxiliary wiring 

10 line 106 decreases. 

High contact performance of the contacts between the 
wiring line 111 and the auxiliary wiring line 106 is favorable 
because it reduces the entire electric resistance. Where the 
auxiliary wiring line 106 includes aluminum, to obtain 

15 superior contact performance it is effective to form the 

wiring line 111 as a laminate structure consisting of a 
titanium film and an aluminum film formed thereon. 

In Fig. IB, reference numeral 113 denotes a wiring 
line that lies below and crosses the wiring line 111 (also see 

20 Fig. 1C) . For example, in the case of the peripheral circuits 

integration type liquid crystal display device, this type of 
structure is employed for a clock signal line of a peripheral 
circuit and those gate lines of TFTs of the peripheral circuit 
which are connected to the clock signal line. 

25 Where the wiring line 113 that crosses the wiring line 

111 is disposed in the same layer as the auxiliary wiring line 
106 for reducing the electric resistance, the auxiliary wiring 
line 106 may be divided by eliminating its portion 
corresponding to the wiring line 113 and its vicinities and 

30 the wiring line 113 may be disposed between the divided parts 

(see Fig. 1C) . With this structure, the electric resistance 
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is sufficiently reduced and the formation of the auxiliary 
wiring line 106 does not alter the manufacturing process (the 
manufacturing process remains the same as the conventional 
one) . 

5 The above-described structure of the invention can 

greatly reduce the electric resistance of wiring lines. 
Further, since the area necessary for wiring and the width of 
the wiring lines can be made the same as in the conventional 
case, the capacitance between adjacent wiring lines remains 

10 almost the same as in the conventional case. In the 

peripheral circuits integration type liquid crystal display 
device, the capacitance between the wiring lines and the 
opposed electrode does not increase. 

As a result, the waveform rounding can be reduced 

15 effectively in wiring lines having a length of more than 1 cm, 

even preferably more than 3 cm (the upper limit depends on the 
panel size) to which a high-frequency signal of several 
megahertz, for instance, more than 1 MHz, is applied. In a 
circuit constituted of TFTs, this results in advantages that 

20 the circuit can be prevented from operating erroneously, the 

margin in operation timing can be reduced, and signals can be 
transmitted correctly. 

Auxiliary wiring lines can be formed only by changing 
a mask pattern in a conventional process of forming scanning 

25 lines (gate lines) and data lines (source lines). That is, 

the resistance of wiring lines can be reduced without 
increasing the number of steps. 

In a semiconductor device having the wiring structure 
of the invention, the TFT may be of either the top-gate type 

30 or the bottom-gate type. 

If the wiring structure of the invention is employed 
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for all wiring lines in a peripheral circuit, there may occur 
a case that short-circuiting is caused at a location where 
wiring lines are arranged finely in grid-like form. 

However, the effect of reducing the electric 
resistance can be attained even if the wiring structure of the 
invention is applied to the part of wiring lines that are 
supplied with a high frequency signal. Therefore, auxiliary 
wiring lines may be provided in parallel with the respective 
wiring lines only at necessary locations rather than for all 
the wiring lines. 

In this case, it is important that wiring lines to 
which high-frequency signals of the same kind (for instance, a 
clock signal and its inverted signal, divided clock signals, 
and divided video signals) are applied have approximately 
equal resistance values. This allows the wiring lines to 
transmit signals with similar degrees of waveform rounding. 

Another configuration is possible in which auxiliary 
wiring lines are provided for only the peripheral wiring lines 
907 (see Fig. 5) over their entire length and no wiring lines 
are provided for the wiring lines 908 and 909 of the 
peripheral circuits 903 and 904. The peripheral wiring lines 
907 do not have any wiring lines that cross themselves over 
their entire length (i.e., to the connecting points to the 
peripheral circuit 903 or 904) , and hence it is not necessary 
to divide the associated auxiliary wiring lines. Therefore, 
the electric resistance can be reduced more effectively than 
in a case where auxiliary lines are provided for the other 
wiring lines. 

It goes without saying that the electric resistance 
may further be reduced by providing, when necessary, a layer 
in which to form only auxiliary wiring lines, though in this 
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case the auxiliary wiring lines are formed in the layer and in 
a step different than the other wiring lines such as scanning 
lines and data lines are formed and hence the number of seeps 
increases . 

In the invention, a wiring line and an auxiliary 
wiring line may be formed in any layers as long as they are 
provided with an interlayer insulating film interposed in 
between . 

It is preferable that the width of an auxiliary wiring 
line be (approximately) equal to or smaller than that of the 
associated wiring line, because this structure prevents an 
increase in the capacitance that is formed with the opposed 
electrode which increase would otherwise be caused by the 
existence of the auxiliary wiring line. 
Embodiment 1 

This embodiment is directed to a case in which wiring 
lines having a structure for reducing the electric resistance 
is formed at the same time, i.e., in the same step, as TFTs 
capable of being driven at a high frequency are formed on a 
substrate having an insulating surface, and in which a 
circuit-side substrate of an active matrix liquid crystal 
display device is formed. 

Figs. 2A to 2D, 3A to 3E and 4A to 4C are sectional 
views showing a manufacturing process according to this 
embodiment. In each drawing, the left-hand portion shows a 
wiring section where wiring lines having the structure for 
reducing the electric resistance are to be formed, the central 
portion shows a peripheral circuit section where complementary 
TFTs to constitute a peripheral circuit are to be formed, and 
the right-hand portion shows a pixel section where TFTs to 
constitute an active matrix circuit are to be formed. 
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In a liquid crystal display device thac is 
manufactured by using a panel that is formed according to this 
embodiment, the pixel section including the active matrix 
circuit has a VGA configuration (640 {:< 3 (colors)) x 480 

5 pixels) of 10 cm in horizontal length. 

In this embodiment, the wiring lines having the 
structure for reducing the electric resistance are clock 
signal lines in the peripheral circuit (i.e., lines for 
transmitting input clock signals to the entire peripheral 

10 circuit; correspond to the wiring lines 908 shown in Fig. 5). 

Naturally the structure of the invention may be applied to 
other wiring lines to which a high frequency signal is 
applied, for instance, video signal lines. 

The structure of the invention may be applied to all 

15 wiring lines in the peripheral circuit. However, in this 

case, if wiring lines that cross the wiring lines to which the 
auxiliary lines are connected are provided in the layer in 
which the auxiliary lines are formed, there exist a number of 
locations where the auxiliary wiring lines are divided. As a 

20 result, the effect of reducing the electric resistance of the 
wiring lines may become insufficient or the degree of signal 
rounding may vary from one wiring line to another, to cause 
various inconveniences. Care should be taken to avoid such 
events . 

25 First, a 3 , 000-A- thick silicon oxide film as an 

undercoat film 202 is formed on a quartz substrate 201. The 
undercoat film 202 may be omitted if the surface of the quartz 
substrate 201 is good in smoothness and cleaning is performed 
sufficiently. Although the use of a quartz substrate is 

30 preferable according to the current technologies, the 
invention is not limited to such a case and other substrates 
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that withstand temperatures of heating treatments can also be 
used. 

A 500-A-thick amorphous silicon film 203 as a starting 
film for formation of a crystalline silicon film is then 
5 formed by low-pressure thermal CVD. 

Thereafter, a 1 , 500-A-thick silicon oxide film (not 
shown) is formed and then patterned into a mask 204. The mask 
205 has openings 205, where the amorphous silicon film 203 is 
exposed. 

10 Each opening 205 has a long and narrow rectangular 

shape whose longitudinal direction is perpendicular to the 
paper surface of the drawings. It is proper that the width of 
the openings 203 be 20 jim or longer. The length in the 
longitudinal direction may be set at a necessary value. 

15 Then, to introduce nickel as a metal element for 

accelerating crystallization, a nickel acetate solution 
containing the nickel element at 10 ppm (in terms of weight) 
is applied and an unnecessary part of the solution is removed 
by performing spin drying with a spinner. The amount of the 

20 nickel element to be introduced can be controlled by the 
content (density) of the nickel element in the solution. 

The metal element for accelerating crystallization may 
be one or a plurality of elements selected from Ni, Fe, Co, 
Ru, Rh, Pd, Os, Ir, Pt , Cu, and Au . 

25 The nickel element thus comes to exist in a state as 

indicated by a broken line 206 in Fig. 2A. In this state, the 
nickel element is held at the bottom portion of the opening 
205 in contact with the selected parts of the amorphous 
silicon film 203 

30 Alternatively, the nickel element may be introduced by 

ion implantation. In this case, the introduction positions of 
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the nickel element can be controlled more accurately than in 
the case of applying a solution of the nickel element. 
Therefore, this method is particularly effective when the 
nickel element introduction region is as very narrow as 
5 several micrometers or less or it is complex in shape. 

A heat treatment is then performed at 600°C for 8 
hours in a nitrogen atmosphere containing hydrogen at 3% in 
which the oxygen content is minimized (or in a simple nitrogen 
atmosphere). As a result, crystal growth proceeds parallel 

10 with the substrate 201, i.e., in directions 207 shown in Fig. 

2B. This crystal growth proceeds outward from the regions of 
the openings 205 where the nickel element was introduced. 
This type of crystal growth parallel with the substrate is 
called lateral growth. 

15 The surface of a crystalline silicon film obtained by 

the lateral crystal growth is much smoother than a 
conventional low- temperature polysilicon and high- temperature 
polysilicon. This is considered due to the fact that grain 
boundaries extend approximately in the same direction. 

20 A usual polycrystalline silicon film and a silicon 

film called a polysilicon film has surface asperity of more 
than ±100 A. In contrast, it was observed that the surface 
asperity of a crystalline silicon film obtained by the lateral 
growth as performed in this embodiment was less than ±3 0 A. 

25 The asperity should be minimized because it deteriorates the 

interface characteristics with a gate insulating film. 

Under the above-mentioned heat treatment conditions 
for crystallization, the lateral growth can proceed over more 
than 100 ^im. In this manner, a silicon film 208 having 

30 laterally grown regions is obtained. 

The heat treatment for crystal growth may be performed 
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at 450° to 1,100°C (the upper limit is restricted by the heat 
resistance of the substrate 201) . To secure a certain lateral 
growth length, it is preferable that the heat treatment 
temperature be set at 500°C or more. However, even if the 
5 temperature is further increased, a resulting increase in 

crystal growth length and improvement in crystallinity are not 
remarkable. Therefore, in view of economy and simplification 
of the process, it is sufficient that the heat treatment be 
performed at 590°C to 630°C, for instance, about 600°C. 

10 The silicon oxide film mask 204 for the selective 

introduction of the nickel element is then removed. 

In this state, the nickel element is unevenly 
distributed in the film 208. In particular, the nickel 
element exists at relatively high concentrations at the 

15 leading portions of the crystal growth indicated by numeral 

207 and the portions where the openings 205 have been existed 
before the mask 204 is removed. 

Therefore, it is important to avoid those portions in 
forming active layers, that is, to form active layers so that 

20 they do not include the regions where the nickel element 

exists at high concentrations. 

Laser light illumination may be performed after the 
crystallization to improve the crystallinity. The laser light 
illumination has an effect of decomposing lumps of the nickel 

25 element that exist in the film 208, thereby facilitating 

removal of the nickel element. The laser light illumination 
at this stage does not cause additional lateral growth. 

The laser light used may be excimer laser light in the 
ultraviolet wavelength range. For example, a KrF excimer 

30 laser (wavelength: 248 nm) and a XeCl excimer laser 

(wavelength: 308 nm) can be used. 
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A heat treatment is then performed at 950 3 C in an 
oxygen atmosphere containing a halogen element, for instance, 
an oxygen atmosphere containing HC1 at 3 volume percent, to 
form a 200-A-thick thermal oxidation film 209. As a result of 
5 the formation of the thermal oxidation film 209, the thickness 

of the silicon film 208 decreases by about 100 A; the 
thickness of the silicon film 208 becomes about 400 A (see 
Fig. 2C) . 

In general, when a thermal oxidation film is formed on 
10 the surface of a silicon film, the thickness of a surface rise 

portion is approximately equal to the distance of inward 
oxidation. For example, when 100-A-thick thermal oxidation 
film is formed on the surface of a 100-A-thick silicon film, 
the thickness of the silicon film is reduced by 50 A, to 
15 provide a 50-A-thick silicon film and a 100-A-thick thermal 

oxidation film formed on its surface. 

In the above step, silicon elements having unstable 
bonding states in the film 208 are used for the formation of 
the thermal oxidation film 209, whereby defects in the film 
20 208 are reduced in number and the crystallini ty is improved. 

At the same time as the formation of the thermal 
oxidation film 209, the nickel element is gettered through the 
action of the halogen element that is chlorine in this 
embodiment . 

25 Naturally the nickel element is captured by the 

thermal oxidation film 209 so as to exist therein at a 
relatively high concentration, and hence the concentration of 
the nickel element in the silicon film 208 is reduced 
accordingly. The state of Fig. 2C is thus obtained. 

30 The thermal oxidation film 209 thus formed is then 

removed. In this manner, the crystalline silicon film 208 
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that has been reduced in the content of the nickel element is 
obtained . 

The crystalline silicon film 208 thus obtained has a 
structure in which the crystal structure extends in one 
5 direction that coincides with the crystal growth direction, 
i.e., a structure in which a plurality of long and narrow, 
cylindrical crystal bodies are arranged parallel with each 
other with a plurality of grain boundaries extending in one 
direction interposed in between. 

10 Thereafter, island-like regions 210 to 212 that are 

lateral growth regions are formed by patterning. The island- 
like regions 210 to 212 will become active layers of TFTs. 

In the above step, the pattern layout is performed in 
such a manner that the direction connecting the source region 

15 and the drain region coincides or approximately coincides with 

the crystal growth direction. As a result, the carrier 
movement direction is made coincident with the direction in 
which crystal lattices are continuous, whereby high 
performance TFTs can be obtained. 

20 A 1 , 000-A-thick silicon oxide film 213 is then formed 

by plasma CVD (see Fig. 2D) . 

Subsequently, 300-A-thick thermal oxidation films 301 
to 303 are formed by performing a heat treatment at 950°C in 
an oxygen atmosphere containing HC1 at 0.1 to 10 volume 

25 percent, for instance, 3 volume percent (see Fig. 3A) . As a 

result of the formation of the thermal oxidation films 301 to 
303, the thickness of the patterns 210 to 212 (which will 
become active layers) is reduced to 2 50 A. 

The above step provides the same effect as the step in 

30 . which the thermal oxidation film 209 was formed. The thermal 
oxidation films 301 to 303 will serve as parts of gate 
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insulating films of the TFTs . 

In this embodiment, the thickness (250 A) of the 
finally obtained crystalline silicon films, i.e., the active 
layers 210 to 212 is smaller than the thickness (300 A) of the 
5 second thermal oxidation films 301 to 303. This provides the 

effect that is caused by the formation of the thermal 
oxidation films and is necessary for obtaining the unique 
crystal structure . 

In the TFTs of this embodiment, the final thickness of 

10 the crystalline silicon films that constitute the active 

layers 210 to '212 is preferably 100 to 750 A and even 
preferably 150 to 450 A. With this thickness, the unique 
crystal structure in which the crys tal 1 ini ty is held 
continuously in one direction can be obtained in more 

15 remarkable form with high reproducibility. 

According to the current technologies, the 
concentration, as measured by utilizing the S IMS (secondary 
ion mass spectroscopy, of nickel elements finally remaining in 
the above-formed crystalline silicon films as the active 

20 layers 210 to 212 is 1 x 10** to 5 x 10 ^ atoms/cm3. it is 

preferable that the concentration be as low as possible. 

Naturally it is possible to further reduce the 
concentration of nickel elements remaining in the crystalline 
silicon films by reviewing the entire manufacturing process, 

25 thoroughly performing the cleaning step, and thoroughly 

increasing the cleanliness of the apparatuses used. 

Further, since nickel elements move in the thermal 
oxidation film in the step of forming it, the nickel element 
concentration comes to have a gradient or a distribution in 

30 the thickness direction of the resulting crystalline silicon 
film. 



- 22 - 



9 



In general, there is a tendency that the concentration 
of the metal element increases toward the interface of the 
thermal oxidation film. Under certain conditions, there may 
occur a tendency that the concentration of the metal element 

5 increases toward the substrate or the undercoat film, i.e., 

toward the back-side interface (whether this tendency occurs 
strongly depends on the film quality of an amorphous silicon 
film as a starting film) . 

Where a halogen element is contained in the atmosphere 

10 in forming the thermal oxidation film, the halogen element 

comes to have a * concentration profile similar to that of the 
metal element; the concentration increases toward the front 
surface of the crystalline silicon film and/or its back 
surface (the difference in concentration profile also depends 

15 on the film quality of a starting film) . 

Thereafter, a 4 , 000-A- thick aluminum film for 
formation of gate electrodes and an auxiliary wiring line is 
formed by sputtering. Scandium is caused to be contained in 
the aluminum film at 0.2 wt% . 

20 The reason for causing scandium to be contained in the 

aluminum film is to suppress occurrence of hillocks and 
whiskers in later steps. Hillocks and whiskers are needle- 
like or prickle-like protrusions that may occur during a heat 
treatment due to abnormal growth of aluminum. 

25 Examples of the material of the gate electrodes, other 

than aluminum, are tantalum (Ta) , polycrystalline silicon 
heavily doped with phosphorus (P) , and tungsten silicide 
(WSi) . Further, polycrystalline silicon doped with phosphorus 
and tungsten silicide may be used to form a laminate structure 

30 or a mixed structure. 

A 500-A-thick silicon nitride film is then formed. 
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Subsequently, patterning is performed by using resist masks 
308 to 311, to form aluminum patterns 304 to 307 and silicon 
nitride films 351 to 354 (see Fig. 3B) . 

In the state that the resist masks 308 to 311 are 
5 left, anodization is performed by using a 3%-aqueous solution 

of oxalic acid as an electrolyte and using the aluminum 
patterns 304 to 307 as anodes. As a result, porous anodic 
oxide films 316 to 319 are formed. 

In this step, since the resist masks 308 to 311 and 
10 the silicon nitride films 351 to 354 exist above the aluminum 

patterns 304 to" 307, the anodic oxide films 316 to 319 are 
formed selectively, i.e., only on the side faces of the 
aluminum patterns 304 to 307. 

The anodic oxide films 316 to 319 can be grown until 
15 their thickness reaches several micrometers. In this 

embodiment, their thickness is set at 6,000 A. The growth 
length can be controlled by the anodization time. 

Thereafter, dense anodic oxide films are formed by 
performing anodization in an ethylene glycol solution 
20 containing tartaric acid at 3%. 

In this step, since the electrolyte enters the porous 
anodic oxide films 316 to 319 and the silicon nitride films 
351 to 354 exists above the aluminum patterns, dense anodic 
oxide films 320 to 323 are formed selectively, i.e., only on 
25 the side faces of the aluminum patterns. 

The thickness of the dense anodic oxide films 320 to 
323 is set at 1,000 A by properly controlling the application 
voltage . 

After the formation of the anodic oxide films 320 to 
30 323, the resist masks 308 to 311 are removed. 

Then, the exposed parts of the silicon oxide film 213 
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as well as the parts of the thermal oxidation films 301 to 302 
are etched by dry etching. The state of Fig. 3C is thus 
obtained . 

The porous anodic oxide films 3 16 to 3 19 are then 
5 removed by using a mixed acid of acetic acid, nitric acid, and 

phosphoric acid. Further, the silicon nitride films 351 to 
354 are removed to obtain the state of Fig. 3D. 

In this embodiment, as shown in Fig. 3D, an auxiliary 
wiring line 312 is formed at the same time and in the same 
10 step as gate electrodes 313 to 315. Therefore, the auxiliary 

wiring line 312 can be formed in the same step as the 
conventional step by altering only the mask pattern. 

In this embodiment, the dense anodic oxide films 320 
are formed on the side faces of the auxiliary wiring line 312 
15 and part of the silicon oxide film 213 remains under the 

auxiliary wiring line 312. 

After the state of Fig. 3D is obtained, impurity ions 
are implanted. In this embodiment, by alternately forming 
resist masks, P (phosphorus) ions are implanted by plasma 
20 doping into the left-hand TFT in the peripheral circuit 

section and the TFT in the pixel section and B (boron) ions 
are implanted by plasma doping into the right-hand TFT in the 
peripheral circuit section. 

As a result of this step, heavily doped regions 331, 
25 333, 335, 337, 339, and 341 and lightly doped regions 334, 

338, and 342 are formed, because the residual silicon oxide 
films 325, 326, and 327 serving as a semi-transparent masks 
interrupt part of ions being implanted. 

Then, the regions doped with impurity ions are 
30 activated by illuminating those with laser light (or strong 

light from a lamp) . In the above manner, source regions 331, 
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335, and 339, channel forming regions 332, 336, and 340, drain 
regions 333, 337, and 341, and low-concentration impurity 
regions 334, 338, and 342 are formed in a self -aligned manner. 

The regions 334, 338, and 342 are LDD (lightly doped 
5 drain) regions (see Fig. 3D). 

Where the dense anodic oxide films 321 to 3 23 are made 
as thick as 2,000 A or more, offset gate regions can be formed 
outside the channel forming regions 332, 336, and 340 at a 
length equal to the thickness of the dense anodic oxide films 
10 321 to 323. 

Although offset gate regions are formed also in this 
embodiment, they are not shown in the drawings because they 
are so short that they have only small contribution and the 
drawings would be too complex if they were shown. 
15 To form the dense anodic oxide films 321 to 323 as 

thick as 2,000 A or more, the application voltage needs to be 
200 V or more. Therefore, care should be taken of 
reproducibility and safety. 

Thereafter, a 2 , 000-A-thick silicon nitride film 343 
20 as one of first interlayer insulating films is formed by 

plasma CVD. Instead of a silicon nitride film, a silicon 
oxide film or a laminate film of a silicon nitride film and a 
silicon oxide film may be used. 

An organic resin film 344 is formed on the silicon 
25 nitride film 343 by spin coating (see Fig. 3E) . Examples of 

the organic resin material are polyimide, polyamide, 
polyimideamide, and acrylic. 

Then, contact holes are formed through the first 
interlayer insulating films 343 and 344. Subsequently, a 
30 3 , 000-A-thick t i tanium/aluminum/ t i tanium laminate film is 

formed and then patterned into source electrodes 402 and 407, 
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drain electrodes 406 and 409, a source/drain electrode 404, 
gate lead-out lines 403 and 405, and a wiring line 401. 

The wiring line 401 is electrically connected in 
parallel to the auxiliary wiring line 312 via a plurality of 

5 contact holes that are arranged in the longitudinal direction 

of the wiring line 401. Because of the parallel connection to 
the auxiliary wiring line 312, the electric resistance is 
reduced considerably, whereby the waveform rounding of a 
transmitted high-frequency signal can be reduced greatly. 

10 Where a gate line (extends to the gate electrode of a 

TFT) that is formed in the same layer as the auxiliary wiring 
line 312 goes under and crosses the wiring line 401, the 
auxiliary line 312 is divided so as to be separated from the 
gate line by 40 \m (in the manner as shown in Fig. IB). 

15 Part of the drain electrode 409 is used as an 

electrode for forming an auxiliary capacitor. 

The TFTs and the wiring line with reduced electric 
resistance are thus completed as shown in Fig. 4A. 

Although the gate lead-out lines 403 and 405 are drawn 

20 as if they were formed in the same cross-section as source 

electrodes and the drain electrodes, actually the gate lead- 
out lines 403 and 405 are connected to portions that extend 
from the gate electrodes 313 and 314. 

Then, a 1 , 000-A-thick silicon nitride film 410 as a 

25 second interlayer insulating film by plasma CVD. Further, an 

organic resin film 411 is formed by spin coating. Examples of 
the organic resin material, in addition to polyimide, are 
polyamide, polyimideamide, and acrylic. The state of Fig. 4B 
is thus obtained. 

30 Then, an opening is formed in the organic resin film 

411 and a laminate film of a titanium film and an aluminum 
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film is formed as a black matrix (EM) 412. The black matrix 
412 has not only the original function as a light shield film 
but also a function as an electrode for forming an auxiliary 
capacitor with the silicon nitride film 410 and the drain 

5 electrode 409. 

After the formation of the black matrix 412, an 
organic resin film 414 as a third interlayer insulating film 
is formed. Then, after a contact hole for the drain electrode 
409 is formed, an ITO (indium tin oxide) pixel electrode 415 

10 is formed. 

In the above manner, the circuit-side substrate of the 
active matrix liquid crystal display device is formed. 
Thereafter, the top surface of the circuit-side substrate is 
subjected to an alignment layer treatment and then opposed to 

15 an opposed substrate that has also been subjected to an 

alignment layer treatment, to form a panel. A liquid crystal 
material is injected into the panel and then sealed to 
complete the device. 

The TFTs according to this embodiment exhibit much 

20 superior characteristics that were not obtained 
conventionally. 

For example, NTFTs (n-channel TFTs) exhibit superior 
performance such as mobility of 200 to 300 cn\2/Vs and S-values 
of 75 to 90 mV/dec (V D = 1 V) , and PTFTs (p-channel TFTs) 

25 exhibit superior performance such as mobility of 120 to 180 

cm2/Vs and S-vales of 75 to 100 mV/dec (V D = 1 V) . 

In particular, the S-value of TFTs according to this 
embodiment is surprisingly small, that is, 1/2 or less than 
the S-values of conventional high- temperature polysilicon TFTs 

30 and low- temperature polysilicon TFTs. 
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The TFTs according Co this embodiment can operate at a 
very high drive frequency such as tens to hundreds of 
megahertz. For example, when the drive signal voltage is 3.3 
to 5 V, operation at 1 GHz is possible on the ring oscillator 
5 level and operation at 100 MHz is possible on the shift 

register level. 

The TFT using a crystalline silicon film having the 
above-described unique crystal structure has a feature that by 
virtue of the crystal structure the short channel effect does 
10 not easily occur, as well as a feature of being suitable for 

high-speed operation because it is free of a problem of 
capacitance via the substrate that is an insulator. 

A scaling rule applies to conventional MOS transistors 
that use a single crystal silicon wafer. The scaling rule 
15 means that if the dimensions of the transistor are reduced 

according to prescribed rules, the performance of the 
transistor is improved according to prescribed rules. 

However, in recent years when the miniaturization has 
made a great advance, it is difficult to improve the 
20 performance of the transistor according to the scaling rule. 

For example, as the channel length is made shorter, to 
suppress the short channel effect it becomes more necessary to 
make a close improvement such as implanting an impurity in a 
region adjacent to the channel, which makes the manufacturing 
25 process more difficult. 

In contrast, when a crystalline silicon film having 
the above-described unique crystal structure is used, 
necessary characteristics can be obtained with dimensions that 
does not conform to the scaling rule. 
30 This is considered due to the following factors: 

(1) The short channel effect is suppressed by making 
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the extending direction of columnar crystal bodies coincide 
with the carrier movement direction in the channel. 

(2) The capacitance problem becomes far less serious 
by using an insulator as a substrate. 

(3) The use of aluminum for the gate electrode is 
advantageous for high-speed operation. 

Item (1) will be explained as follows. Each columnar 
crystal structural body is sectioned by an inactive grain 
boundary. Since the energy level is high in the grain 
boundary portion, the carrier movement is restricted to the 
crystal bodies extending direction. According to the same 
principle, depletion layers are prevented from expanding from 
the source and drain regions to the channel inside. It is 
considered that these phenomena suppress the short channel 
effect . 

Specific examples of phenomena that do not conform to 
the scaling rule are as follows. 

Where according to the scaling rule the thickness of a 
gate insulating film should be, say, 100 A, if a crystalline 
silicon film according to the invention is used the same 
characteristics can be obtained even with a gate insulating 
film of 300 A in thickness. This results in improved 
resistance to static electricity. This is considered due to 
the above-described factors (1) to (3). 

As for the channel length, as in the case of the 
thickness of a gate insulating film, a given characteristic 
can be obtained with a one-rank relaxed condition as compared 
to the case where the scaling rule applies. This is 
advantageous in manufacturing a semiconductor circuit capable 
of high-speed operation over a wide area at a low cost. 

In this embodiment, the long wiring line 401 to which 
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a high-frequency signal is to be applied is electrically 
connected in parallel to the auxiliary wiring line 3 12 via the 
interlayer insulating film. As a result, the electric 
resistance of the wiring line 401 is greatly reduced whereby 
5 waveform rounding of a transmitted signal can be reduced 

considerably. 

Specifically, when a clock signal of 12.5 MHz in 
frequency was applied to a clock signal line that is as 
extremely long as about 10 cm that is provided in a signal 
10 lines driving peripheral circuit, no erroneous operation 

occurred and good display performance was attained. 
Embodiment 2, 

This embodiment is directed to a case in which the 
structure of the wiring line 401 and the auxiliary wiring line 
15 312 according to the first embodiment is applied to peripheral 

wiring lines (corresponds to the peripheral wiring lines 907 
in Fig. 5) that is connected to a signal lines driving 
peripheral circuit . 

That is, for a peripheral wiring line that is 
20 conventionally formed on only the first interlayer insulating 

layer, an auxiliary wiring line is formed under and along the 
peripheral wiring line in the same layer as the gate 
electrodes of the TFTs . 

The peripheral wiring line and the auxiliary wiring 
25 line are connected to each other in parallel via a plurality 

of contact holes that are arranged in the longitudinal 
direction of the peripheral wiring line. 

Since the peripheral wiring line does not have any 
wiring line that exists in a layer above or below the layer of 
30 the peripheral wiring line and crosses the peripheral wiring 

line, the auxiliary wiring line can be connected in parallel 
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to the peripheral wiring line over its entire length without 
being divided. Therefore, the effect of reducing the electric 
resistance is very large. Even if the auxiliary wiring lines 
are provided only for the peripheral wiring lines and the 
5 peripheral circuits are left in the conventional state of the 

one-layer structure (no auxiliary lines are formed) , waveform 
rounding of a high-frequency signal on the wiring lines can 
greatly be reduced from the conventional case. 
Embodiment 3 

10 This embodiment is directed to a case in which wiring 

lines are provided for both of the signal lines (source lines) 
and the scanning lines (gate lines) in the active matrix 
circuit as the display section in the configuration of the 
first embodiment, to thereby reduce the electric resistance of 

15 those wiring lines. 

The gate lines are extended portions of the gate 
electrodes 315 of the TFTs of the pixel section and the source 
lines are extended portions of the source electrodes 407 of 
the TFTs if the pixel section. 

20 In this embodiment, an auxiliary wiring line for the 

gate line under the silicon nitride film 343 is formed above 
the organic resin film 344 in the same line as the source line 
and the source electrode 407, and is connected in parallel to 
the gate line via a plurality of contact holes that are 

25 arranged along the gate line. The auxiliary wiring line for 

the gate line is formed so as to be separated from the source 
line in the same layer. 

On the other hand, a wiring line for the source line 
above the organic resin film 344 is formed in the same layer 

30 as the gate line and the gate electrode 315 under the silicon 

nitride film 343, and is connected in parallel to the source 



- 32 - 



9 



line via a plurality of contact holes that are arranged along 
the source line. The auxiliary wiring line for the source 
line is formed so as to be separated from the gate line in the 
same layer. 

5 It is preferable that a gap of tens of micrometers or 

more be provided in the dividing portion of the auxiliary 
wiring line for each of the source line and the gate line. 

With the above structure, the electric resistance of 
the wiring lines that constitute the active matrix circuit can 

10 greatly be reduced. As a result, good display performance can 
be attained even if the display area is increased. Further, 
the manufacturing process is not changed from the conventional 
one and only the mask pattern needs to be altered. 
Embodiment 4 

15 In this embodiment, the structure of the first to 

third embodiments are used in a configuration that employs 
inverted staggered structure TFTs . The same effects can be 
obtained even if inverted staggered structure TFTs are used in 
place of the planar TFTs in each of the first to third 

20 embodiments. 

Using a highly heat resistant material such as 
polycrystalline silicon heavily doped with phosphorus as the 
gate electrode of an inverted staggered structure TFT is 
effective in obtaining high-performance TFT. 

25 According to the invention, in an integrated circuit 

using TFTs, particularly in a peripheral circuits integration 
type liquid crystal display device, waveform rounding of a 
high-frequency (tens of megahertz or more) signal on wiring 
lines can greatly be reduced. Further, the structure of the 

30 invention can be obtained without increasing the number of 

manufacturing steps from the conventional case. 
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The structure of a semiconductor device according to 
the invention can be applied to any wiring lines in an 
integrated circuit that is formed, by using TFTs, on a 
substrate having a large area, for instance, a several 
centimeter square. The invention can prevent rounding or 
deterioration of a signal waveform, and can improve the 
operation speed as well as the image quality in a device that 
performs image display. 

The invention can be used not only in peripheral 
circuits that are formed on the same substrate as an active 
matrix circuit of a transmission or reflection type active 
matrix liquid crystal display device, but also in display 
devices using EL (electroluminescence) element and other 
various circuits using TFTs. 
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